The 1-loop corrected decay widths of sparticles (charginos, neutralinos, gluino and sfermions) in the framework of the MSSM are calculated systematically using GRACE/SUSY-loop, which is the program package for the automatic calculation of the MSSM amplitudes in the 1-loop order. We present the renormalization scheme used in our system and show some numerical results of decay widths of sfermions and gluino using the SPS1a' parameter set and other SUSY parameter sets.
Introduction
The supersymmetric (SUSY) theory is a good candidate for the theory beyond the standard model. So the experimental confirmation of the SUSY theory is one of the most important themes of the present and future particle experiments. Actually, discoveries of the SUSY particles (sparticles) are expected at LHC and ILC. Since we expect very accurate experimental data at ILC, we need theoretical prediction which match the measurement accuracy. Apparently, the tree-level calculation is insufficient. So we are calculating the radiative correction to possible major decay modes of sparticles using GRACE/SUSY-loop [1] . In this paper we report numerical results on the decays channels for squarks and gluino [2, 3] , which are SUSY partners of quarks and gluon, respectively.
GRACE/SUSY-loop
Analytical evaluation of physical amplitudes characterized by many Feynman diagrams is not easy. It is principally for this reason that we have developed the GRACE system [4] . This system calculates the cross sections and the decay widths and generates events automatically in the following way, (1) it generates all Feynman diagrams automatically, (2) it generates physical amplitudes automatically, (3) it incorporates libraries (loop integral, kinematics, etc.), (4) it integrates the matrix element by the adaptive Monte Carlo method, (5) it generates Monte Carlo events, (6) it has various self-test mechanisms of the results (UV and IR cancellation, NLG invariance etc.). GRACE/SUSY-loop can calculate the SUSY amplitudes up to 1-loop order. For the calculation of the SUSY amplitudes at 1-loop level, there are also other programs, SloopS [5] and FeynArt/Calc [6] .
In GRACE/SUSY-loop, we have used the technique of the non-linear gauge (NLG) [7] in order to test the system. Concretely, we introduce the following gauge fixing terms in the Lagrangian.
They contain seven independent NLG-parameters, (α,β ,δ H ,δ h ,κ,ε H ,ε h ). We emphasize that the NLG interactions are included in the electroweak (ELWK) sector of the MSSM Lagrangian. While each Feynman diagram depends on the NLG-parameters, the sum of all diagrams should be independent of them. We can confirm the validity of calculation when the physical quantities do not change the value for different sets of numerical values of the NLG-parameters. It is the test of the gauge invariance. We use the on-mass-shell conditions as much as possible for the renormalization of the ELWK sector. As a result, gauge bosons, all fermions f , sfermions f and the lightest neutralino χ 0 1 have no mass shifts in the ELWK 1-loop order. We should note that there are some freedom in the renormalization scheme of the sfermion sector. They are distinguished by different choice of residue conditions, decoupling conditions on the transition terms between lighter and heavier sfermions, and the left-handed SU(2) relations in the 1-loop order. In this paper the calculation is done with the scheme in which we impose the residue conditions on all sfermions except for heavier stop and sbottom ( t 2 , b 2 ). The external line corrections for these particles become non-zero in this scheme.
Renormalization in the QCD sector is done in a mixed scheme. Light (1st and 2nd generation) quarks and gluon are treated in the DR scheme as in the convensional perturbative QCD. Massive particles are handled by the on-mass-shell scheme as in the ELWK sector. For the regularization of infrared divergences, the previous version [1] of the GRACE/SUSY system used the fictitious mass of gluon λ . We have developed a new system in which mass-singularities are regularized by the dimensional method. In order to refer the ultraviolet and infrared divergences we define the notations of C UV ≡ 1/ε and C IR ≡ 1/ε, where the dimension of the space-time d = 4− 2ε = 4+ 2ε. In the following numerical calculation, we mainly use the SPS1a' parameter set [8] .
Squarks and gluino decays
Possible decay modes of sfermions and gluino are as follows.
Note that squarks cannot decay into q + g because the gluino mass is larger than all squark masses in the SPS1a'. Gluino decays into most of quark−squark pairs, but it cannot decay into the top and the heavier stop t 2 because of m g < m t + m t 2 . Among various squark decay channels here we focus on the lighter stop t 1 decays. From the tree level calculation, we find Br( t 1 → b χ Since GRACE is an automatic calculation system, it is important to test reliability of the results. The numerical values obtained by the system must pass all following tests. First, we show the independence of the NLG-parameters. If we change 7 gauge parameters, each evaluated value of loop graphs changes but the total does not change. We compare the case 1 : (α,β ,δ H ,δ h ,κ,ε H ,ε h ) = (0, 0, 0, 0, 0, 0, 0) with the case 2 : (1000, 2000, 3000, 4000, 5000, 6000, 7000). We have obtained the sum of the loop contribution, δ Γ loop and soft-photon contribution, δ Γ so f t as follows (units in GeV).
case1 :
δ Γ loop + δ Γ so f t = 0.15117115752797127186610833503954323
Both numbers agree up to 26 digits. So, the gauge invariance is confirmed. Next, we show cancellation tests of ultraviolet (UV) and Infrared (IR) divergence. We keep the UV divergent factor C UV and a tiny fictitious mass λ of photon to regularize the IR divergence in the program. In Table 1 , we find that δ Γ loop is the same for C UV = 0 and C UV = 1000. As for the cancellation test of infrared divergence, we see the sum of δ Γ loop and δ Γ so f t remain unchanged when we change λ = 10 −24 to 10 −27 (GeV). Finally, we can test that the sum of δ Γ loop , δ Γ so f t and the hard-photon contribution, δ Γ hard is independent of the soft photon cut parameter k c . Since the numerical values of the sum δ Γ ELW K (= δ Γ loop + δ Γ so f t + δ Γ hard ) are the same within accuracy, the reliable value, 13.9% correction is obtained. For the QCD correction (see Table 2 ), we use the DR scheme. Like the ultraviolet divergence factor C UV , we keep the infrared divergent factor C IR in the calculation. Comparing various case of (C UV ,C IR , k c ), we obtain consistent and reliable value, −7.1% correction. In the GRACE system, we can also calculate the correction with the fictitious gluon mass and obtain the same correction −7.1%. Adding the ELWK and QCD corrections, we obtain δ Γ t 1 → b χ + 1 /Γ tree = 13.9% −7.1% = 6.8%, where Γ tree = 1.43GeV. Similarly we obtain the results for the other channel, δ Γ t 1 → t χ 0 1 /Γ tree = 7.6% +2.1% = 9.7%, where Γ tree = 0.22GeV. Fig. 2 shows the branching ratio at the tree and the 1-loop level. There is only a small difference between them. Up to now, we have considered the SPS1a' parameter set. Now we take another MSSM parameter set in which two-body decay channels t 1 → t χ 0 1 and t 1 → b χ = 396GeV and obtain Γ tree = 0.664keV. Through the gluino−squark loop contributions, the corrected width depends on the gluino mass as well as masses of the 1st and 2nd generation squarks. In Fig. 3 the gluino mass dependence of the correction δ Γ QCD Γ tree are shown. We find that 2TeV gluino mass shift induces about 5% shift of the width. If the gluino g is too heavy to be produced at future colliders, the precision measurements of the decay width of the light stop t 1 will give us information of the gluino.
Similarly, we have calculated the 1-loop ELWK and QCD correction of gluino decays (6) . As for the QCD correction, our results agree with the calculation done by Beenakker et al. [3] , if we use the same input values as theirs (see Fig. 4 ). When we take the SPS1a' parameter set, we obtain δ Γ/Γ tree ( g → b b 1 ) = −18.0%(QCD) + 2.5%(ELWK) (7) δ Γ/Γ tree ( g → t t 1 ) = −13.0%(QCD) + 1.2%(ELWK).
Summary
Since the sparticles are expected to have masses of the order of the ELWK scale, we cannot neglect the ELWK corrections as well as the QCD corrections in the precise theoretical prediction of their production cross sections and the decay rates. Using GRACE/SUSY-loop, we have systematically calculated ELWK and QCD corrections to the sfermion and gluino decays, and confirmed that both corrections are equally important. We have found that QCD corrections for t 1 → b χ + 1 is the same in the DR regularization and in the regularization with the fictitious gluon mass. We have already calculated the chargino [1] and the neutralino decay channels and have got reliable results. Extension of the adaptive range to radiative corrections for multi-body channels is now planned.
